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THESIS ABSTRACT
One of the major tasks of modem neurobiology is explaining at the neuron
level how specific behaviors are produced. Recent work in our laboratory has
identified a putative peptidergic neuron in the medicinal leech, Hirudo medicinalis,
which we believe, uses an Arg-vasopressin-like peptide as its transmitter. However,
before further characterization of this neuron can precede the vasopressin-like
molecule needs to be isolated and its molecular structure identified.
In the course of this work, we designed an acetone-based extraction of nerve
cords, developed a dot-immunoblot assay (DIA) that can be used to monitor the
molecule throughout the purification process, and used size exclusion
chromatography (SEC) to partially purify the vasopressin-like molecule.
Additionally, using enzyme-linked immunosorbent assays (ELISAs), preliminary
results suggest that 1.47X10-5 pg/nerve cord is being extracted. Partially purified
nerve cord extracts, whole nerve cords and crude leech CNS extracts, were also sent
to Dr. Lingjun Li at the University of Wisconsin-Madison for matrix-assisted laser
desorption and ionization time-of-flight mass spectrometry (MALDI-MS) analysis.
Unfortunately, we were unable to sequence the vasopressin-like peptide
from the partially purified SEC fractions due to a contamination problem. In
addition, MALDI-MS sequencing from intact leech nerve cords or crude extracts
were unsuccessful due to a large number of peaks.
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INTRODUCTION

Invertebrates and the study of behavior
One of the major tasks of modern neurobiology is explaining at the neuron
level how the central nervous systems (CNS) in animals generate repetitive
behavior, and more specifically, how variations of that repetitive behavior are
created (Kristan and Weeks, 1983; Brodfuehrer and Thorogood, 2001). One
approach to this problem has been to study the behavior of relatively simple
animals, such as invertebrates (Kristan and Weeks, 1983; Brodfuehrer and
Thorogood, 2001). Invertebrates are ideal model systems because, unlike
vertebrates, their nervous systems are relatively simple, they generally only have a
few well described behaviors, and they have the added advantage of containing
large and uniquely identifiable neurons (Li, 1985; Brodfuehrer and Thorogood,
2001). In invertebrates a given neuron will possess similar physiological,
morphological, and synaptic characteristics in every member of that species (Kandel

et al., 1995). Thus, these "identified" neurons can be assigned a name or number
for easy identification and reference (Ort et al., 1974; Brodfuehrer and Thorogood,
2001; Comer and Robertson, 2001).
Based on invertebrate research it is understood that repetitive behavior is
generated by centrally located neuronal circuits known as central pattern generators
(CPGs). CPGs are composed of a few neurons that are linked by synaptic
connections, which in turn drive each other to produce rhythmic motor patterns
(Delcomyn, 1980). Furthermore, these rhythmic patterns that are produced by
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CPG's are generated entirely within the central nervous system of the animal
without using the necessity for sensory information (Wilson, 1961). In tum, these
rhythmic motor patterns are then modified by subsets of neurons from other parts of
the CNS. These subsets of neurons are called projection neurons, and as their name
suggests, they are neurons that are located in one part of the CNS and project to
another part. In a number of systems these projection neurons release modulatory
neurotransmitters, and in some cases these transmitters have been identified as
peptide transmitters.
Neuropeptides

Neuropeptides are relatively small peptides (between 4 and 30 residues) that
can be found in the nervous system at all levels of organization from hydrozoans to
humans (Hokfelt et al., 2000). Neuropeptides are expressed in the CNS and the
peripheral nerves (Holmgren and Jensen, 2001) and can be released from a neuron
as a signaling molecule. As a signaling molecule, neuropeptides can have an effect
as a neurotransmitter, a neuromodulator, or a neurohormone on other excitable cells
(Holmgren and Jensen, 2001) and can elicit both short-term and long-term effects
(Li 1985).
The first neuropeptide to be sequenced from any animal invertebrate or
vertebrate which was isolated from the salivary glands of the octopus Eledone
muschata (Erspamer and Anastasi, 1962). However, at the time of sequencing the

significance of neuropeptides was largely unrecognized (0' Shea and Schaffer,
1985). It was not until the 1970's, that it became clear that peptides produced in the
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brain may actually have a direct influence on neurons, and in turn an effect on
behavior (DeWied, 1971; Skiebe, 2001). With the conceptualization of this idea,
neuropeptide research expanded dramatically (Skiebe, 2001), and since then the
number of neuropeptides isolated has significantly increased (0' Shea and Schaeffer;
1985; Skiebe, 2001).

Oxytocin/Vasopressin Superfamily
In this research we are interested in peptides from the vasopressin/oxytocin
superfamily which are highly conserved throughout the animal kingdom (Archer et

al., 1985; Van Kesteren et al., 1992; Salzet et al., 1993b) and have been identified
in more than 120 species; including four invertebrate phyla, and seven major
vertebrate classes (Hoyle, 1998; 1999). The peptides in the oxytocin/vasopressin
family are structurally related nonapeptides that have 5 invariant amino acid
residues (Cys 1, Asn5 , Cys6 , Pro7 , Gly9), and two cysteine residues that form a
disulfide bridge and a C-terminus amide. Conversely, even though they are
structurally similar, their biological activity may differ according to the amino acid
residue at position 8 (Table 1), which is polar (Arg, Lys) in vasopressin-related
(vasopressin-like) molecules and non-polar (Leu, Ile, Val) in oxytocin-related
(oxytocin-like) peptides (Archer et al., 1985).
In the various animals where the function of these peptides have been
studied, oxytocin often plays a role in controlling sexual behavior, reproduction, and
lactation (Ivel and Russell, 1995; Kihlstrom and Danninge, 1972), whereas
vasopressin is thought to be involved in certain social behaviors (Koolhaas et al.,
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Table 1. Structures of oxytocin/vasopressin-related peptides. Each peptide is
indicated by name and by the species/group in which it has been identified.
Conserved sequences are indicated in bold (Modified from Salzet 1993a).
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0 X)'!OCJn- Re1atedPepu'des
Identified
Name
In

Peptide

Oxytocin

Mammals

Cys

Tyr

Ile

Gln

Asn

Cys

Pro

Leu

Gly-

Mesotocin

Birds,
reptiles,
amphibians,
lungfish
Bony fish

Cys

Tyr

Ile

Gin

Asn

Cys

Pro

Ile

GlyNH2

Cys

Tyr

Ile

Ser

Asn

Cys

Pro

Ile

Gly-

Cys

Tyr

Ile

Ser

Asn

Cys

Pro

Gin

Gly-

Cys

Tyr

Ile

Gin

Asn

Cys

Pro

Val

GlyGlyNH2
GlyNH2
GlyNH2

NHz

Isotocin

NHz

Cys

Tyr

Ile

Asn

Asn

Cys

Pro

Leu

Cephalotocin

Cartilaginous
fish
Cartilaginous
fish
Cartilaginous
fish
Mollusks

Cys

Tyr

Phe

Arg

Asn

Cys

Pro

Ile

Annetocin

Earthworms

Cys

Phe

Val

Arg

Asn

Cys

Pro

Thr

Glumitocin
Valitocin
Aspargtocin

NHz
NHz

V asopressm. R e1atedP eptl'des
Name
Identified
In
Argvasopressin
Lysvasopressin
Phenypressin
Vasotocin

Diuretic
hormone

Peptide

Mammals

Cys

Tyr

Phe

Gin

Asn

Cys

Pro

Arg

Mammals

Cys

Tyr

Phe

Gin

Asn

Cys

Pro

Lys

Mammals

Cys

Phe

Phe

Gin

Asn

Cys

Pro

Arg

Nonmammalian
Vertebrates
Insects:

Cys

Tyr

Ile

Gin

Asn

Cys

Pro

Arg

Cys

Leu

lie

Thr

Asn

Cys

Pro

Arg

GlyNHz

Cys

Ile

Ile

Arg

Asn

Cys

Pro

Arg

Gly-

Locusta
miJ?ratoria

ArgConopressin

Mollusks:

Lysconopressin

Mollusks &
Leeches:
Aplysia kurodai,
conus
geographus,
Lymnae
stagnalis, &
Erpobdella
octoculata

GlyNHz
GlyNH2
GlyNH2
GlyNH2

NHz

Conus
striatus

Cys

Phe

Ile

Arg

Asn

Cys

Pro

Lys

Gly-

NHz
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1998; Wang et al., 1998; Albers and Bamshad, 1998), facilitation of longterm memory (Bohus et al., 1978), modification of blood pressure (Gorbman et al.,
1982), and control of hydric balances in vertebrates (Laevitt et al., 1987) and some
invertebrates (Moore et al.,1981; Proux et al.,1987; Salzet et al.,1993a).
In vertebrates (Table 1) six oxytocin-like and four vasopressin-like
hormones (Van Kesteren et al., 1992; Salzet et al., 1993a) have been identified
structurally. In invertebrates (Table 1) only eight peptides related to the
vasopressin/oxytocin family have been isolated; six related to vastocin-like peptides
belonging to the vasopressin family (Mizunoa and Takeda, 1988; Van Kesteren et

al., 1992; Salzet et al., 1993a) and two isotocin-like peptides belonging to the
oxytocin family (Van Kesteren et al., 1992; Salzet et al., 1993a).
The invertebrate vasopressin-like peptides (Table 1) include a diuretic
hormone isolated from the insect Locusta migratoria (Proux et al., 1987); Argconopressin which was isolated from the mollusk Conus striatius (Cruz et al.,
1987), and Lys-conopressin which was first isolated in the mollusk Conus

geographus, and since then has been isolated from several other mollusk and leech
species (Me Master et al., 1992; Cruz et al., 1987; Van Kesteren et al., 1992; 1995;
Reich 1992; Proux et al., 1987; Salzet et al., 1993a; 1993b). Furthermore, as seen in
Table 1, all the invertebrate members of the vasopressin-like family share a Cys 1Cys6 disulfide bridge, Asn 5 , Pro7 , and Gl/, and with the exception of the locust
peptide they have an Arg residue in position 4.
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An Arg-vasopressin-like molecule in the leech?
The medicinal leech, Hirudo medicinalis is an ideal candidate for
neurophysiological applications because of the relative simplicity of its CNS even
among invertebrates (Mueller et al., 1981; Kristan and Weeks, 1983). The medicinal
leech is a segmented annelid, with each segment containing a single ganglion, and
each ganglion contains approximately 200 well characterized bilaterally paired
neurons (Mueller et al., 1981; Evans et al., 1991). Recently in our laboratory
staining of the leech ganglia with an Arg-vasopressin antiserum resulted in labeling
of a subset of neurons in the head brain that appear to project down its CNS
innervating the corresponding ganglions in every segment (Nassirpour and Norris,
2001). Based on analogy we suspect that these neurons might act as projection
neurons similar to others described previoulsy in the leech CNS (Esch and Kristan,
1999).
In the past, application of antisera from well characterized vertebrate
peptides has resulted in the identification of numerous peptidergic neurons in
invertebrates (Boer and Van Minnen, 1985). However, the question has been
whether or not the "vertebrate-like" peptide detected in invertebrates has a
molecular structure similar to that of the peptide in which the antibody was raised
(Joose, 1987). With the advancement of molecular techniques there is now little
doubt that in numerous cases, the invertebrate peptide is indeed similar in structure
to the vertebrate peptide (Archer et al., 1985; Van Kesteren et al., 1992; Shepherd,
1994; Hoyle 1998; 1999; Hokfelt et al., 2000; Holmgren and Jensen, 2001). Using
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this premise, it is believed that the peptide transmitter used by the putative
peptidergic neuron identified previously by Nassirpour and Norris (2001) is either
similar in structure to Arg-vasopressin (vasopressin-like) or actually is Argvasopressm.
However, the precise structure of this peptide is still in question. For
instance, when Arg-vasopressin was injected intramuscularly into freely moving
leeches to see if it elicited any specific behavior (Nassirpour, personal
communication), no specific behavior was observed as compared to control leeches
injected with saline. Yet, in a similar experiment, when Chang et al. (2001) injected
the vasopressin-like peptide conopressin into the leech it did elicit a behavior they
labeled "telephone cording" owing to the way the animal twisted its body, and they
believe this behavior is could be related to mating. However, this behavior is also
familiar to leech biologists because typically this is how the animal responds to
noxious stimuli. The latter behavior would coincide with our results because one of
the neurons in the leech that contains the vasopressin-like transmitter is theN cell, a
cell that responds to noxious stimuli (Nassirpour and Norris, in prep.). The Chang

et al. (2001) result suggests, however, that the transmitter in the medicinal leech is
not Arg-vasopressin, but it might be conopressin. Therefore, before we proceed
with vasopressin experiments in the leech, we need to isolate and identify the
structure of this peptide.
There are numerous factors that make isolating peptides difficult: compared
to classical neurotransmitters, neuropeptides are present and active at lower

9

concentrations (Floyd et al., 1999), individual neurons can use multiple peptide
messengers (Floyd et al., 1999), and the diverse chemical make-up of peptides is
much higher than in classical transmitters (Floyd et al., 1999). In addition, when
isolating neuropeptides from invertebrates the small size of the neuropeptides, and
the fact that there may only be one specific cell containing a particular peptide in the
entire animal (O'Shea and Schaeffer, 1985), may compound the problem. Thus,
collecting enough starting material is often problematic, time consuming, and
expensive. Consequently, purifying a new peptide from invertebrates requires an
efficient extraction technique (Li, 1985; Salzet et al.,1996), a reliable method of
separation (Evans et al., 1991; Irvine 1997; Kostanski et al., 2003), coupled with
sensitive qualitative and quantitative techniques used to measure peptide levels
(Evans et al., 1991; Salzet et al., 1992; Loi et al. 1997).
Previous work in our lab attempted to isolate the vasopressin-like peptide
using immunoblotting techniques, but the protein was not successfully isolated. As
a result, the overall objective of this research is to isolate and sequence the
vasopressin-like peptide from the CNS of the leech Hirudo medicinalis.
Specifically, this work will require (A) detection and quantification the vasopressinlike peptide using immunoassays; (B) extraction of the Arg-vasopressin-like peptide
from leech CNS, (C) isolation and purification of the peptide, and (D)
characterization and sequencing of the purified molecule.
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MATERIALS AND METHODS
Animals
Adult specimens of the leech, Hirudo medicinalis, were purchased from
Leeches USA. Leeches were kept at 15° C in artificial pond water (0.5 g/1 Instant
Ocean) until use.

Dissection Procedure
Leeches were pinned out, dorsal side-up, in cold leech-saline (115mM NaCI,
4mM KCl, 1.8 mM glucose, 7.1 mM Tris base, 2.9 mM maleic acid, pH 7.4) and
isolated nerve cords were dissected and removed from the animal as described by
MUller et al. (1981). Briefly, lateral nerve roots were cut close to their perspective
segmental ganglion and the sub-esophageal was carefully dissected free from the
ventral blood sinus and then stored at -70°C until use (Evans et al. 1991). The tail
brain was not used in these studies because it could not be dissected free from the
connective tissue.

Extraction of the vasopressin-like peptide

Extraction procedure
Based on the protocol outlined by Salzet et al. (1996), the central nervous
system (CNS) from the medicinal leech was dissected and removed from the animal
as mentioned previously. Multiple nerve cords were stored in 500pJ of 1M acetic
acid at -20°C. Using no fewer than 10 CNS per batch, the nerve cords were
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homogenized at room temperature (RT) using a glass homogenizer then centrifuged
at 12,000 rpm for 30 min at 4°C. After centrifugation the pellet was reextracted and
the two supernatants were combined. The supernatant was then loaded onto a SepPak C 18 cartridge for solid phase extraction. The cartridge was washed with 5ml of
1M acetic acid and eluted using 5ml of 50% acetonitirle in acidified (0.1%
trifluoroacetic acid) water. The volume of the eluted fractions was reduced 20-fold
in a vacuum centrifuge (Savant) to remove organic solvent and trifluoracetic acid.
Once the leech extract had been concentrated it was stored at -20°C until further use.
Optimization of extraction procedure

In an effort to maximize the amount of vasopressin-like material that was
being extracted from the medicinal leech variations of the above protocol were
examined: 1.) eliminating the C 18 Sep-Pak Pre-purification portion of the procedure
and using different solvents such as acetone or water instead of 1M acetic acid; and
2.) instead of leech CNS, using cut-up leeches that had been soaked in acetone for
4-5 days.

Dot-immunoblot assay (DIA) procedure
Buffers and reagents

For the DIA protocol the following buffers and reagents were used: Argvasopressin (Sigma Aldrich); 0.1M Tris buffer (pH 7.4) with 0.05% Tween 20
(Buffer 1); blocking solution containing 3% protease-free bovine serum albumin in
buffer 1 (BB; Vectastain Elite ABC kit (Rabbit IgG), Vector Laboratories); Rabbit
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Anti-vasopressin polyclonal antibody (1: 20,000; Chemicon International);
biotinylated secondary antibody (1:500 in Buffer 1; Vectastain Elite ABC kit
(Rabbit IgG), Vector Laboratories): avidin/biotin (1:200 in Buffer 1; Vectastain
Elite ABC kit (Rabbit lgG), Vector Laboratories); 3,3' ,5,5' -tetramethylbenzadine
(TMB; TMB Substrate kit, Vector Laboratories)

The following DIA procedure was taken from Loi et al. (1997), and with
only minor modifications, it was used to follow the vasopressin-like activity during
the purification process. Serial dilutions of synthetic Arg-vasopressin ranging in
concentration from LOOng (461.0fmole) to l.OOpg (0.461fmole) (2.0ul), and 1:10
serial dilutions of the leech extract (2.0ul) were spotted onto a 0.22JLm nitrocellulose
membrane (Micron Separations). The membrane was then air dried at RT and
baked at 100°C for 30 min to fix the peptides to the membrane. After cooling toRT,
the membrane was washed for lOmin in 10ml of buffer 1. This and all subsequent
steps were performed in a sterile Petri dish with gentle agitation on a rotary shaker
at RT. After washing, the membrane was incubated for 60 min in BB. After
blocking, the membrane was exposed overnight to the primary antibody which had
been diluted in buffer 1 for a final concentration of 1:20,000.

The next day the membrane was washed 3 times for 5 min in Buffer 1, to
remove the primary antibody, and incubated in the secondary antibody for 40 min.
The membrane was again washed three times for 5 min each in Buffer 1 and
transferred to a solution of avidin/biotin. The membrane remained in the
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avidin/biotin solution for 30 min followed by another round of washing (three times
for 7 min each in buffer 1). The washed membrane was then put in TMB that had
been warmed toRT. Rapid agitation on a rotary shaker was used at this step to
reduce background blotchiness and to produce even staining. After the appearance
of the faintest spot (about 10-15 min), the membrane was washed in distilled water,
air dried, and the results recorded.

Enzvme-linked immunosorbent assav (ELISA) procedure
Plates

For all ELISA investigations Immulon high binding polysterene 96 well "U"
bottom microtiter plates (Thermo Labsystems) were used.

Buffers and reagents

For the criss-cross analysis and indirect-competitive ELISA procedures the
following buffers and reagents were used: 1X Phosphate-buffered saline
(PBS;137mM NaCL, 2.7 mM KCL, 4.3 mM Na2HP0 4 ·7H20, 1.4mM KH2P04 );
Blocking buffer (BB; 3% bovine serum albumin in PBS); 0.25M HCL (Stop
Solution); 3,3' ,5,5' -tetramethylbenzidine (TMB; Chemicon International); Argvasopressin (Sigma); rabbit anti-vasopressin polyclonal antibody (Primary;
Chemicon International); goat anti-rabbit IgG HRP conjugates secondary antibody
(Secondary; Chemicon International)
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Processing of ELISA data

Criss-cross and indirect-competitive ELISA absorbance readings were
obtained using a BioRad microplate reader model 680, and quantified using the
microplate manager version 5.2 software endpoint protocol.

Criss-Cross Serial Dilution Analysis to Determine Optimal Reagent Concentrations

Using a protocol adapted from Ausubel et al., (1997) serial dilution titration
analyses were performed to determine the optimal concentrations of reagents to be
used in ELISAs. In this protocol, all three reactants used in ELISAs: Argvasopressin which was used as a coating reagent, the primary antiserum that binds
to the antigen, and an enzyme-conjugated secondary, were serially diluted and
analyzed by a criss-cross matrix analysis.

To begin the criss-cross analysis, four 15ml test tubes were placed in a test
tube rack and labeled 1-4. Next, 6ml of PBS was added to tubes 2-4, and in tube 1,
a 12 ml solution of the antigen (Arg-vasopressin) at 3JLg/ml in PBS was prepared.
After that, 6 m1 of the solution in tube 1 was added to tube 2, and mixed by pi petting
up and down several times. This transfer process was subsequently repeated for
tubes 3 and 4; the tubes then contained antigen at 3, 1.5, 0.75, and 0.375JLg/ml.

Using a multichannel pipettor, 50JLl of the antigen solution in tube 1 was
dispensed into the wells of a microtiter plate labeled plate 1. This procedure was
repeated for each of the antigen dilutions and the microtiter plates were labeled
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accordingly. Hence, each plate was filled with one of the four dilutions. The plates
were then wrapped in plastic wrap and incubated overnight at RT. The next day, the
plates were rinsed by filling each well with deionized (DI) water from a plastic
squirt bottle and then flicking the water into the sink. This process was repeated
two more times. The wells were then filled with blocking buffer (BB) using a squirt
bottle and incubated for 10 minutes at RT. The plates were once again rinsed three
times with water as described previously and after the last rinse in an effort to
remove residual liquid from the plates, they were wrapped in a large kimwipe and
gently flicked while face down onto several paper towels.
Subsequently, five 10ml test tubes were placed in a rack and labeled 1-5.
Next 2ml of BB was then added to the last four tubes, and in tube 1, a 4ml solution
of the primary at a concentration of 1: 1000 in PBS was prepared. 2ml of the
solution in tube 1 was then transferred to tube 2, and mixed by pipetting up and
down several times. This transfer process was repeated for tubes 3 to 5; the tubes
then contained primary at 1:2000, 1:4000, 1:8000, and 1:16000.

50~-tl

ofthe primary

dilutions were then dispensed into the first five columns of all four coated plates.
The most concentrated solution was dispensed into column 1, while solutions of
decreasing concentrations were added successively into columns 2, 3, 4, and 5. The
plates were then incubated for 2hr at RT, and afterwards washed as described
previously.
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Five 15ml test tubes were then placed in a rack and labeled 1-5. In these
tubes 3ml of BB was added to test tubes 2-5, and tube 1 contained a 6ml solution of
secondary at 0.05J.tg/ml in BB. 3ml of the solution in tube1 was then transferred into
tube 2 and mixed. This process was repeated for tubes 3 to 5; the tubes now
contained secondary at 0.25, 0.125, 0.0625, and 0.03125j.tg/ml. 50J!l of the
secondary solution was then dispensed into the wells of rows 2 to 6 of each plate,
dispensing the most concentrated solution into column 1, while solutions of
decreasing concentrations were added successively into columns 2, 3, 4, and 5. The
plates were then incubated for 2hr at RT. After the incubation period the plates
were once again washed as previously described.

Lastly, lOOJ!l of TMB substrate solution was added to each well of all four
plates and incubated 5-30 minutes at RT. Once a blue color had developed, the
reaction was then stopped with lOOJ!l of stop solution. The resulting yellow color
was measured immediately at 450nm using a microplate reader.
Indirect-competitive ELISA

Once the optimal concentrations of antigen, primary antibody, and
secondary antibody had been determined by criss-cross serial dilution analysis,
indirect-competitive ELISAs were used to quantify the amount of vasopressin-like
material that was being extracted per leech nerve cord. The following procedure
was adapted from a direct competitive ELISA protocol by Ausubel et al., (1997).
Using a multichannel pipet, 50j.tl of antigen solution was dispensed into each well of
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a microtiter plate. The plate was then wrapped in plastic wrap and incubated
overnight at RT.

The next day, the plates were rinsed by filling each well with DI water from
a plastic squirt bottle and then flicking the water into the sink. This process was
repeated two more times. The wells were then filled with blocking buffer (BB)
using a squirt bottle and incubated for 30 minutes at RT. The plates were once
again rinsed three times with water as described previously and after the last rinse in
an effort to remove residual liquid from the plates, they were wrapped in a large
kimwipe and gently flicked while face down onto several paper towels.

Using the optimal antigen concentration determined in the criss-cross
analysis as a starting concentration, twelve 1:5 serial dilutions (200JL1) of Argvasopressin were prepared in BB. These antigen concentrations were used in
preparing a standard inhibition curve. Subsequently, twelve 1:2 serial dilutions
(200JLl) of the leech extract was prepared. Both of these dilution series were done in
duplicate and prepared in microtiter plates.

Next, 75JLl of a primary antibody solution, that was prepared at twice its
optimal concentration (2X) in BB, was added to each well of a new microtiter plate,
followed by 75JLl of Arg-vasopressin or leech extract that were prepared previously.
Uninhibited control samples were prepared by mixing equal volumes of the primary
antibody and blocking buffer. The solutions were then mixed by pi petting up and
down several times and incubated at RT for 30 minutes. After the incubation
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period, 50J..tl of these solutions were transferred to the antigen-coated plate prepared
previously, and incubated for 2 hours at RT.

The plate was then rinsed by filling each well with DI water from a plastic
squirt bottle and then flicking the water into the sink. This process was repeated
two more times. The wells were then filled with blocking buffer (BB) using a squirt
bottle and incubated for 10 minutes at RT. The plate was once again rinsed three
times with water as described previously and after the last rinse in an effort to
remove residual liquid from the plate, it was were wrapped in a large kimwipe and
gently flicked while face down onto several paper towels.

After the final rinse, 50J,.tl of the secondary at the optimal concentration
made up in BB was added to each well of the plate, and incubated for 2 hours at RT.
The plate was once again rinsed, blocked, and rinsed again, as mentioned
previously.

To finish, lOOJ..tl of TMB substrate solution was added to each well of the
plate and incubated 5-30 minutes at RT, at this point the assay turned varying
shades of blue indicating the presence of antigen in the wells. The TMB reaction
was then stopped with lOOJ..tl of stop solution. Addition of the stopping solution
then turns the assay in the wells to varying shades of yellow. The resulting yellow
color was measured immediately at 450nm using a microplate reader.
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Purification of the vasopressin-like peptide
Once the Arg-vasopressin like molecule had been extracted, detected, and
quantified, using the techniques mentioned previously, it was then necessary to
separate this molecule from other proteins and small molecules found in the leech.
Based on the Size-Exclusion Chromatography (SEC) procedure outlined in Salzet et
al. (1996) the leech extract was taken up to 500J.tl with DI water and 20J.tl was

applied to a Protein-Pak (7.8 X 300mm,Waters) column. Elution was then
performed with 30% Acetonitrile and 70% .1% trifluoracetic acid (TFA) at a flow
rate of 1.4mlfmin and peaks were detected at an absorbance of 254nm. Based on
the HPLC tracings from Arg-vasopressin and Lys-conopressin which were used as
controls, specific fractions from the crude extract were collected and tested for the
presence of the vasopressin-like material by DIA.
All HPLC purifications were performed with a Rainin Dynamax Model SD200, HPLC instrument.

Mass Spectrometry and Sequence Analyses
The immunoreactive SEC fractions were then sent to Dr. Lingjun Li at the
University of Wisconsin-Madison for mass spectrometry and sequence analysis
using matrix-assisted laser desorption and ionization time-of-flight mass
spectrometry (MALDI). Dr Li's laboratory is currently using MALDI to isolate
other invertebrate peptides, and she agreed to collaborate with our laboratory in this
endeavor.
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RESULTS
The overall objective of this research was to isolate and sequence the
vasopressin-like peptide from the CNS of the leech Hirndo medicinalis.
Specifically, this work required designing a method for extracting the molecule
from the leech; development of a dot-immunoblot assay (DIA) that could be used
for monitoring the molecule throughout the purification process; using enzymelinked immunosorbent assays (ELISAs) to quantify the amount of peptide being
extracted; and isolation and purification of the peptide using size exclusion
chromatography (SEC). In addition, this work required sending partially purified
leech extract samples, whole nerve cords, and crude leech extracts, to Dr. Lingjun
Li at the university of Wisconsin-Madison for matrix-assisted laser desorption and
ionization time-of-flight mass spectrometry (MALDI-TOF-MS) analysis.
DIA Sensitivity
Synthetic Arg-vasopressin at various concentrations was used to determine
the efficacy and sensitivity of the DIA protocol. Arg-vasopressin was detected
using a commercially available anti-vasopressin polyclonal antibody raised in
rabbits (Chemicon International) at a concentration of 1:20,000. The primary
antibody was detected using a biotinylated anti-rabbit secondary antibody (1:500 in
Buffer 1; Vectastain Elite ABC kit (Rabbit IgG), Vector Laboratories). Figure 1
shows the results of assaying Arg-vasopressin. The lowest amount of Argvasopressin detected was 0.461 fmoles in a 2.0J.Ll sample. Based on these results, its
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Figure 1. Dot immunoblot assay technique is sensitive enough for detecting
vasopressin-like molecules. Figure depicts results from a dot immunoblot assay of
Arg-vasopressin that was spotted onto a nitrocellulose membrane in a 1:10 serial
dilution (2.0JLl). Arg-vasopressin was detected by a rabbit-anti-vasopressin
antibody and visualized by a enzyme-conjugated secondary antibody. From left to
right: LOOng (46l.Ofmole); 0.10ng (46.1fmole); 0.01ng (4.61fmole); and l.OOpg
(0.461fmole).
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reliability, ease of use, and replicability, this DIA procedure was then used to detect
the vasopressin-like molecule throughout the purification process.

Extraction of the vasopressin-like peptide
Initially, attempts were made to extract the vasopressin-like molecule from
animals that had been soaked in three times their volume of acetone for 3-4 days
and were either: intact; crudely sectioned; or finely ground. All three endeavors
were unsuccessful in extracting the vasopressin-like molecule. Overall, the extracts
were poor in quality and the volume was difficult to concentrate to a usable amount.
As a result, all extraction and purification techniques were then performed using
leech CNS, using an approach that had been successful in the past for extracting a
vasopressin-like molecule in other preparations.
Using isolated leech nerve cords which were dissected and removed from
the animal as described by MUller et al. (1981), three different extraction methods
were examined in an effort to optimize the extraction process: 1.) soaking isolated
nerve cords in 500J.Ll of 1m acetic acid followed by a pre-purification technique
using Cis Sep-Pak cartridges, 2.) soaking isolated nerve cords in 500J.Ll of acetone,
or 3.) soaking isolated nerve cords in 500J.Ll of water.
Figure 2 shows the DIA results from leech nerve cords extracted in acetone,
water, or a pre-purification assay, as well as a positive and negative control. Based
on visual examination there did not appear to be any difference in the amount of
vasopressin-like material being extracted using either acetone or water (Fig. 2;
columns 2 and 3). However, using acid extraction and Cis Sep-Pak cartridges did

24

Figure 2. Acetone or water extraction resulted in vasopressin-like material from the
leech CNS, but pre-purification using a Sep-Pak C 18 cartridge caused a loss of
material. 10 leech nerve cords were extracted in acetone, water, or acetic acid. The
acetic acid sample was then further purified using a Sep-Pak C 1s cartridge. 2J.tl of
extracts were blotted onto a nitrocellulose membrane with 4 (1:10) serial dilutions.
A serial dilution of synthetic Arg-vasopressin and water were also added as positive
and negative controls. Immunoreactivity was visualized using DIA. Positive
Control: Serial dilution of commercially available Arg-vasopressin (column 1, from
top to bottom): LOOng (46l.Ofmole); O.lOng (46.1fmole); 0.01ng (4.61fmole); and
l.OOpg (0.461fmole).
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result in a decrease in the overall amount of vasopressin-like molecule in the sample
(Fig. 2; column 4). Based on these findings, in all subsequent work, the
vasopressin-like molecule was isolated using the acetone extraction technique due ti
ease of removal.

Indirect-competitive enzyme-inked immunosorbent assays
Detennination of the optimal concentration of coating antigen, primary, and
secondary antisera

Before the amount of vasopressin-like material found in the leech extract
could be quantified, it required the development of an indirect-competitive enzymelinked immunosorbent assay (ELISA) procedure. One of the key components of this
procedure is determining the optimal concentration of coating antigen, primary
antisera, and secondary antisera, which results in minimal background and high
reproducibility.

Using a criss-cross matrix analysis the optimal concentration of

antigen (Arg-vasopressin) coated onto the solid phase (plate) was

0.0469~-tg/ml.

In

addition, the optimal concentration of the primary antisera was 1:2000, and the
secondary antiserum was

0.25~-tg/ml.

These concentrations were then used in the

indirect-competitive ELISA procedure.
Standard inhibition curve

To quantify the amount of vasopressin-like material found in the leech
extracts it was first necessary to develop a standard inhibition curve. This curve is
based on the concentration of the antigen that is in the antibody/antigen solution that
will inhibit the binding of the antibody to the antigen coated on the plate. Ideally,
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antigen concentrations should span the dynamic range of inhibition, meaning the
range of antigen concentrations that will produce detectable changes in the amount
of inhibition. The range of inhibition was determined empirically in an initial assay
in which antigen concentrations varied from 0.70moles to 1.23XI0-8 moles. Figure
3 shows the standard inhibition curve of the synthetic Arg-vasopressin assay that
was generated using microplate manager version 5.2 software; endpoint protocol, by
BioRad. The initial point (Sl) was 0.75JLg/ml, and each subsequent point represents
a 1:5 serial dilution. Each point is mean absorbance± S.D., n=2. Based on this
curve the lowest antigen concentration that can accurately be detected is somewhere
between dilutions S7 and S8, or a concentration around 4.80XI0-5 JLg/ml (4.40X10-5
mol). This curve was then used to quantify the amount of vasopressin-like molecule
in the leech extracts.
Quantification of the vasopressin-like molecule

Using the ELISA procedure described previously, the amount of
vasopressin-like material present was 1.47X10-5 pg/nerve cord. This number was
extrapolated using the antigen concentrations calculated in the standard inhibition
curve (Fig.3) However, based on the standard inhibition curve the lowest antigen
concentration that can accurately be detected is 4.80X10-5 JLg/ml, therefore the
amount of vasopressin-like material in the sample is really too low to be accurately
calculated. As a result, a more concentrated sample (more CNS) is required for the
ELISA protocol.
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Figure 3. Based on ELISA absorbance readings, the lowest concentration of antigen
that could accurately be detected using indirect-competitive ELISA was 4.80X105~Lg/ml (O.D.= 1.07±.28, mean ±S.D., n=2). Figure depicts an assay of synthetic
Arg-vasopressin. The initial point (Sl) represents a concentration of 0.75/Lg/ml of
Arg-vasopressin, and each subsequent point represents a 1:5 serial dilution of that
initial concentration. Each point is mean absorbance± S.D., n=2. The curve is a
log-linear curve generated using microplate manager version 5.2 software; endpoint
protocol, BioRad.
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Purification of the vasopressin-like peptide
SEC elution profile of Arg-vasopressin and Lys-conopressin
In an effort to establish a reference point for the elution of the vasopressinlike molecule in the leech extract, 20J-tg (18.40J-tmole) of synthetic Arg-vasopressin
and lOJ-tg (0.499J-tmole) of synthetic Lys-conopressin were applied (20J-tl) to a
Protein-Pak (7.8 X 300mm,Waters) column. Elution was performed with 30%
acetonitrile and 70% acidified water (0.1% trifluoracetic acid) at a flow rate of
1.4mllmin and an absorbance of 254nm. Arg-vasopressin eluted at 11.6 minutes
(Fig. 4A) and Lys-conopressin eluted at 7.5 minutes (Fig. 4B). These fractions were
then collected and tested for immunoreactivity by DIA. Using SEC fractions 6 and
11 from Arg-vasopressin, only fraction 11, as expected, reacted to the antivasopressin polyclonal antibody raised in rabbits (Chemicon International) (Fig.
5A), and in SEC fractions 6 and 7 from Lys-conopressin, no immunoreactivity was
detected (Fig. 5B).

SEC profile of leech extract
Peptides including the Arg-vasopressin-like molecule were then extracted
from 50 leech CNS in 500J-tl acetone. The volume was reduced 20-fold in a SpeedVac (Savant) to remove organic solvent, and then adjusted to 500J-tl with water. 20J-tl
of this extract was loaded onto a Protein-Pak (7 .8 X 300mm, Waters) column.
Elution was performed with 30% acetonitrile and 70% acidified water (0.1%
trifluroacetic acid) at a flow rate of 1.4mllmin. The molecules were detected by
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absorbance at 254nm. This was done several times, and in all cases, the SEC
elution profile of the leech CNS extract (Fig. 6) did not indicate a peak similar to
synthetic Arg-vasopressin (Fig. 4A) , but did have a peak similar to synthetic Lysconopressin (Fig. 4B) in terms of retention time.
Therefore, in an effort to determine where the immunoreactive substance
was actually being eluted, sample fractions were collected and tested for
immunoreactivity using DIA. Using the same procedure as mentioned previously,
eluted fractions 6-30 were individually collected, the volume was reduced 20-fold in
a Speed-Vac (Savant) to remove organic solvent, and then stored at -20°C until use.
In fractions 6-12 the possible presence of a vasopressin-like molecule was
determined by DIA. In fractions collected in the first SEC run (run 1) the
vasopressin-like material was detected in fractions 6 and 11 (Fig. 7A; arrows Fig.
6). These fractions were then sent for MALDI-MS analysis. However, because the
MALDI-MS results were questionable (see below), another set of fractions were
collected for DIA analysis using the same 50 leech nerve cord sample. In this
attempt (run 2), only in fraction 6 was an immunoreactive substance detected (Fig.
7B; bar Fig. 6). However, due to time constraints, this fraction has not been sent for
MALDI-MS analysis at this time.
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Figure 4. Arg-vasopressin and Lys-conopressin elute at 11.6 and 7.5 minutes
respectively. A. HPLC trace of 20/Lg (18.4/Lmole) of synthetic Arg-vasopressin in
20111 of water. B. HPLC trace of 10/Lg (0.499/Lmole) of synthetic Lys-conopressin in
20 111 of water. Samples were loaded onto a Protein-Pak (7.8 X 300mm, Waters)
column. Elution was performed with 30% acetonitrile and 70% acidified water
(0.1% trifluroacetic acid) at a flow rate of 1.4ml/min and detected by measuring
absorbance at 254nm.
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Figure 5. Synthetic Lys-conopressin is not immunoreactive to an anti-vasopressin
polyclonal antibody. (A) Dot immunoblot assay of serial dilutions (1:10) of SEC
fractions 6 and 11 from synthetic Arg-vasopressin. (B) Dot immunoblot assay of
serial dilutions ( 1: 10) of SEC fractions 6 and 7 from synthetic Lys-conopressin.
Controls: Serial dilution of commercially available Arg-Vasopressin (from top to
bottom): l.OOng (46l.Ofmole); O.lOng (46.lfmole); 0.01ng (4.61fmole); and l.OOpg
(0.461fmole). Fraction 15 from each perspective sample was used as a negative
control.
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Figure 6. The SEC elution profile of the leech CNS extract did not indicate a peak
similar to synthetic Arg-vasopressin, but did have a peak similar to synthetic Lysconopressin in terms of retention time. The Arg-vasopressin-like molecule was
extracted from 50 leech CNS in 500J.tl acetone. The volume was reduced 20-fold in
a Speed-Vac (Savant) to remove organic solvent, and then adjusted to 500J.tl with
water. 20J.tl of this extract was loaded onto a Protein-Pak (7.8 X 300mm, Waters)
column. Elution was performed with 30% acetonitrile and 70% acidified water
(0.1% trifluroacetic acid) at a flow rate of 1.4mllmin and an absorbance of 254nm.
The leech CNS extract was run twice, and in the initial run fraction 6 and fraction
11 showed immunoreactivity (arrowheads), but in run 2 only fraction 6 showed
immunoreactivity (bar).
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Figure 7. SEC fractions collected at 11 and 6 minutes may contain immunoreactive
substance. A. Dot immunoblot assay of serial dilutions (1:10) of SEC fractions 6-12
(run 1) from 50 leech CNS acetone extract. B. Dot immunoblot assay of serial
dilutions (1: 10) of SEC fractions 6 and 11 (run 2) from 50 leech CNS acetone
extract. Control: Serial dilution of commercially available Arg-Vasopressin (from
top to bottom): LOOng (46l.Ofmole); O.lOng (46.1fmole); 0.01ng (4.61fmole); and
l.OOpg (0.461fmole). Fractions 13-30 were combined and used as a negative
control for run 1 and fraction 15 was used as a negative control for run 2.
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Preliminary MALDI results
MALDI-MS SEC fraction 6 analysis

SEC fraction 6 (run 1) was sent to Dr. Lingjun Li at the University of
Wisconsin-Madison for MALDI-MS analysis. Unfortunately, the sample became
contaminated with polyethylene glycol at the time of analysis, and we were unable
to determine if this sample contained a molecule with a molecular weight
comparable to Arg-vasopressin (1084.6) (Fig. 8A).
MALDI-MS SEC fraction 11 analysis

SEC fraction 11 was also sent to Dr. Lingjun Li at the University of
Wisconsin-Madison for MALDI-MS analysis. MALDI-MS analysis (Fig. 8B)
revealed one single prominent peak with the same molecular weight as synthetic
Arg-vasopressin (1084.6). In addition, further analysis revealed that synthetic Argvasopressin and SEC fraction 11 had a similar fragmentation pattern, thus indicating
a similar sequence (Fig. 9). However, these results are suspect, because from an
evolutionary perspective the molecule in Hirudo medicinalis is most likely not Argvasopressin, but a related peptide. These results, along with the results shown in
Figure 7B, suggest that the SEC run 1 was contaminated with synthetic Argvasopressm.
MALDI-MS direct tissue and crude leech extract analysis

Due to the sensitivity of MALDI-MS analysis, peptides can often be
identified from whole tissue or in crude extracts without any purification.
Therefore, in addition to the sample mentioned previously, we also sent Dr. Lingjun
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Li three different tissue samples: 1.) intact leech CNS in methanol; 2.) crude acetone
extract of 10 leech CNS; and 3.) crude leech extract of 10 leech CNS pre-purified
using Sep-Pak C 18 cartridges. MALDI-MS direct tissue analysis of leech CNS
resulted in numerous peaks, but not a visible peak of the same molecular weight as
Arg-vasopressin (Fig. 10). With the multiple peaks, and without knowing the
precise structure of the leech vasopressin-like molecule, we would need to use
MALDI-MS to literally sequence all the peaks to determine the leech vasopressinlike substance. The two crude leech extracts yielded fewer peaks than the direct
tissue analysis (Fig. 11), but still too many to definitively determine the sequences
of all the peaks.
However, after the structure of the leech vasopressin-like molecule has been
determined, Figure 10 can then be re-examined to perhaps determine the precise
molecular weight of the vasopressin-like molecule in the intact leech nerve cord.
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Figure 8. There was a contaminant in fraction 6 (run 1), but SEC fraction 11 (run 1)
contains a molecule with the same molecular weight as synthetic Arg-vasopressin
(1084.6). A and B: Computer generated printout of MALDI-MS analysis of SEC
fractions 6 and 11 (run 1). Large peaks in SEC fraction 6 are a result of
Polyethylene Glycol (contaminant) not peptides. Figures are courtesy of Dr. Lingjun
Li at the University of Wisconsin-Madison.
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B. MALDI-MS SEC fraction 11 (run 1)
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Figure 9. SEC fraction 11 (run 1) has the same fragmentation pattern and molecular
weight as synthetic Arg-vasopressin. Computer generated printout of MALDI-MS
fragmentation analysis of (A) synthetic Arg-vasopressin and (B) SEC fraction 11
(run1). Figures are courtesy of Dr. Lingjun Li at the University of WisconsinMadison.
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Figure 10. Direct tissue analysis of leech CNS did not readily reveal a peak that
might be the leech vasopressin-like molecule. Computer generated printout of
MALDI-MS direct tissue analysis of leech CNS. Figure courtesy of Dr. Lingjun Li
at the University of Wisconsin-Madison.
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Figure 11 . Leech CNS extracted by two different techniques did not reveal a peak at
the same molecular weight (1084.6) as Arg-vasopressin. Computer generated
printout of MALDI-MS analysis of (A) 10 leech nerve cords extracted in acetone,
and (B) 10 leech nerve cords extracted in 1m acetic acid and pre-purified using SepPak C 18 cartridges. Figure courtesy of Dr. Lingjun Li at the University of
Wisconsin-Madison.
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DISCUSSION
One of the primary goals of this research was to develop and refine
techniques that can be used in the extraction, quantification, and purification of the
vasopressin-like molecule in the medicinal leech, Hirudo medicinalis.

Using the

procedures described in this work, it was established that the vasopressin-like
molecule can be extracted from the leech central nervous system (CNS), detected
using dot-immunoblot assay (DIA), and partially purified using size exclusion
chromatography (SEC). While the SEC elution profile did not show a peak
corresponding to the vasopressin-like immunoreactivity (6 min.), this could be
attributed using a detection wavelength of 254nm. This wavelength is sensitive to
Tyr or Phe residues, and if the leech vasopressin-like molecule did not contain these
residues it would not be detected. Finally, despite the inability to accurately
quantify the amount of vasopressin-like material that was being extracted per leech
CNS, the enzyme-linked immunosorbent assay (ELISA) procedure has now been
established for use in future research applications.
The other objective of this research was to use these techniques to isolate
and sequence the vasopressin-like molecule. Unfortunately, due to insufficient
quantities of the vasopressin-like molecule in the crude leech CNS extracts and a
limited supply of leeches, the molecule was not completely isolated in this study.
These results were not entirely unexpected, because most neuropeptides are present
at lower concentrations in the CNS as compared to other more classical transmitters
(Floyd et al., 1999). As a result, in other studies in which a novel peptide has been
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isolated from an invertebrate, the number of animals required to obtain sufficient
quantities of the peptide is frequently in the thousands. (Salzet et al., 1993a; 1996).
However, most of these research projects use Edman degradation to sequence the
peptide, which requires a larger sample concentration than matrix-assisted laser
desorption and ionization time-of-flight mass spectrometry (MALDI-TOF-MS or
MALDI for short). In this investigation, the crude leech extracts routinely contained
only between 10-50 leech CNS. Owing to low sample volume, MALDI was
specifically used in this study.
MALDI is a popular method for the detection and characterization of
peptides (Bonk and Rumney 2001; Marvin et al., 2003) because it allows for the
identification of peptides from samples in the low picomole range (Chaurand and
Leutzenkirchen 1999; Bonk and Rumney 2001), In addition, tissue extraction is not
always necessary because small organs (Predel2001), single cells (Li et al., 1999)
or even individual cell organelles (Rubakin et al., 2000) can be studied directly with
MALDI.
Yet, in this investigation MALDI-MS analysis using either intact leech CNS
or crude leech CNS extracts resulted in numerous peaks, but not a visible peak of
the same molecular weight as Arg-vasopressin. With the multiple peaks, and
without knowing the precise structure of the leech vasopressin-like molecule, we
would need to use MALDI-MS to literally sequence all the peaks to determine the
leech vasopressin-like substance. These results suggest that partial purification
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using SEC is essential to eliminate other peptides before MALDI-MS analysis can
be use to sequence the peptide.
On the other hand, based on results from the current research, some
assumptions about the structure of the vasopressin-like peptide can be made. For
instance, it is highly unlikely that the molecule we have extracted is Argvasopressin. Based on preliminary SEC results, the vasopressin-like molecule is
being eluted around 6 minutes, synthetic Lys-conopressin had an elution time of 7.5
minutes, whereas Arg-vasopressin eluted around 11 minutes. Furthermore, it has
been determined that the molecule is not Lys-conopressin, since in multiple DIA
analyses the Lys-conopressin molecule does not cross-react with anti-vasopressin
polyclonal antibody raised in rabbits, and the molecule being eluted at 6 minutes
does react with the antisera.
In conclusion, this research has laid the ground work for future endeavors
involving isolating and characterizing the vasopressin-like molecule. The
procedures outlined in this work, combined with a larger sampling of leech CNS,
should result in a completion of this project. The next step would then be to
synthesize the molecule for use in neurophysiological applications.
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